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Ground  tests  of  the  Helicopter  Remote  Wind  Sensor  (HRWS)  were  run  at  Biggs 
Optical  Range  (BOR)  to  determine  the  suitability  of  the  HRWS  for  measuring 
low-level  cross  winds  for  surf ace^launched  weapons  ballistics.  The  HRWS 
accurately  measured  winds  under  a  variety  of  atmospheric  turbulence  conditions. 
Average  absolute  differences  (with  respect  to  the  BOR)  were  0.6  in/s  for  point 
measurement ,  0.8  m/s  for  the  near  field,  and  1.3  m/ s  for  a  500-m  path. 
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INTRODUCTION 


Ground  tests  of  the  Helicopter  Remote  Wind  Sensor  (HRWS)  were  performed 
at  Biggs  OpticaL  Range  (BOR)  for  the  purpose  of  demonstrating  the  potential 
application  of  the  HRWS  as  a  low  level  cross  wind  measurement  device  for 
surf ace- launched  weapons  ballistics.  The  test  objectives  were  designed  to 
attempt  measurement  of  winds  under  a  variety  of  atmospheric  turbulence  condi¬ 
tions,  shown  in  Table  1,  and  were  conducted  25  Apr  1978  through  28  Apr  1978. 
ResuLts  of  the  tests  are  presented  in  the  sequel  as  comparisons  of  cross  wind 
computed  from  HRWS  data  and  cross  wind  measured  by  BOR,  using  the  Analog  Wind 
Adder  (AWA)  and  Laser  Crosswind  Sensor  (LCS)  for  the  500  meter  range. 


For  a  description  of  BOR,  refer  to  Appendix  A;  for  a  description  of  HRWS, 
see  the  Helicopter  Remote  Wind  Sensor  System  Description  report. 


TEST  SETUP  AND  GEOMETRY 


HRWS  was  not.  designed  for  surface  measurements  of  wind,  so  it  was  necessary 
to  manipulate  its  orientation  and  apply  the  point-pair  wind  computation  method 
(see  Wind  Computation  Method)  so  that  BOR  comparable  data  could  be  generated. 

It  should  be  noted  that  in  the  test  set-up,  winds  derived  from  HRWS  output  are 
the  results  of  space  measurements  while  the  BOR  AWA  winds  are  the  results  of 
point  measurements.  One-minute  averages  of  wind  are  used  in  comparisons  to 
obtain  statistically  valid  values. 


The  sensor  was  elevated  approximately  11  degrees  to  give  a  point-pair 
separation  of  approximately  29  degrees  in  the  horizontal  plane  (Figure  1). 

Due  to  uncertainties  in  actual  orientation  caused  by  motion  of  the  van,  the 
point-pair  used  for  wind  computation  was  selected  so  that  the  plane  of  measure¬ 
ment  was  slightly  above  the  horizon,  with  an  elevation  of  approximately  0.5 
degrees.  This  choice  was  made  to  avoid  measurements  too  close  to  or  on  the 
ground. 
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Position  of  the  sensor  was  approximately  24  meters  behind  the  first 
anemometer  station  and  offset  from  the  array  line  by  6  meters  with  the  cone 
axis  in  a  vertical  plane  parallel  to  the  array  line. 

WIND  COMPUTATION  METHOD 

Winds  measured  along  two  non-collinear  rectors  in  a  plane  are  sufficient 
to  deduce  wind  along  two  orthogonal  vectors  in  that  plane  (Figure  l).  Thus 
any  pair  of  sample  points  from  a  circular  scan  of  the  sensor  can  be  used  to 
deduce  wind  in  the  plane  defined  by  those  points.  However,  the  points  should 
be  separated  by  at  least  15  degrees  because  of  measurement  noise: 


v  +  v 

x  ~  _ -  ,  range  wind 

2cos\/2 


v  -  v 

Wy  “  _ *  ,  cross  wind. 

2siny/2 


Hoth  range  and  cross  wind  can  ho  computed;  however,  tor  tin?  ground  tost, 
the  cross  wind  component  was  tin*  principle  datum  to  be  compared  to  the  BOR 
output.  In  the  BOR  array  only  the  first  station  was  instrumented  for  range 
wind.  Since  the  van  and  other  equipment  generally  interfered  with  the  ratio,'* 
component  of  wind,  comparison  of  range  wind  was  not  done  for  anemometer  ?'  1. 

DATA  ANALYSIS 

Analog  tapes  from  the  S  tests  were  run  through  a  digitizing  process  and 
the  resulting  raw  data  were  stored  on  disks.  Data  reduction  computer  programs 
developed  for  the  HRWS  flight  tests  were  modified  to  handle  the  ground  test 
formats .  Reduced  data  were  then  treated  by  a  computer  program  designed  to 
compute  cross  wind  from  the  selected  point-pair. 

Large  variations  in  the  results,  i.e.,  sudden  changes  in  computed  cross 
wind  led  to  additional  examination  of  the  reduced  data.  This  examination 
revealed  the  occurance  of  false  doppler  tracking  by  the  HRWS.  This  false 
tracking  appears  to  he  localized  to  a  given  portion  of  the  circular  scan, 
somewhere  in  the  vicinity  of  72°  i  10°  with  respect  to  the  vertical.  Depend¬ 
ing  on  the  relative  strength  of  false  doppler  and  wind  doppler,  the  measured 
doppler  signal  for  one  point  of  the  selected  pair  would  be  compromised,  result 
ing  in  computation  of  an  erroneous  cross  wind  value.  It  is  hypothesized  that 
false  doppler  is  caused  by  degradation  of  part  of  the  HRWS  optics. 

An  interactive  computer  program  was  designed  for  manual  editing  of  the 
data  to  remove  erroneous  measurements.  Thus  valid  wind  data  were  recovered 
tor  analysis. 


For  comparison  to  BOR  data,  the  HRWS  cross  wind  data  wore  condensed  to 
one  minute  averages  for  a  range  corresponding  to  the  first  anemometer  station 
and  for  all  ranges  exceeding  24  meters.  Table  2  summarizes  all  data,  while 
Table  3  contains  the  results  of  comparisons  as  absolute  differences.  Three 
types  of  comparisons  have  been  made:  at  single  range,  HRWS  v«.  anemometer  ■* \ ; 
for  the  500  meter  path,  HRWS  vs.  the  ROR  AWA  output;  and,  for  the  500  meter 
path,  HRWS  vs.  the  LOS. 
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The  absolute  di  t ferences  show  best  agreement  at  single  range  (Figure  21 
since  the  space  difference  between  the  point-pair  is  small  and  no  integrated 
path  is  involved  in  the  comparison.  For  the  500  meter  path,  there  is  generally 
a  bias  between  HRWS  and  AWA  or  LCS.  This  bias  might  be  due  to  the  fact  that 
the  HRWS  optical  weighing  function  for  far  field  measurements  is  not  known. 

The  greatest  differences  occurred  in  Test  4;  it  should  be  noted  that  both  HRWS 
and  LCS  showed  large  biases  with  respect  to  AWA. 

CONCLUSIONS 

The  HRWS,  operated  as  a  low  level  cross  wind  sensor  can  accurately  measure 
winds  under  a  variety  of  atmospheric  turbulence  conditions,  with  average 
absolute  differences  with  respect  to  BOR  of  0.6  m/ s  for  point  measurement,  0.8 
m/s  for  the  near  field  and  1.3  m/s  for  a  500  meter  path.  The  maximum  absolute 
differences  found  were  1.7,  2.0  and  3.3  m/s.  If  an  optical  weighting  function 
for  HRWS  can  be  found,  it  is  believed  that  far  field  average  winds  can  be 
accurately  determined.  The  accuracy  of  measurements  at  a  range  less  than  100 
meters  is  very  good,  which  should  be  expected,  since  the  HRWS  was  designed  for 
that  region.  However,  when  the  HRWS  was  not  operating  as  designed,  optical 
problems  were  compounded  by  the  frequency  tracking  method  used  in  the  sensor 
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CROSSWIND  ABSOLUTE  DIFFERENCES  (m/s) 
HRWS  vs  BOR 


TEST 

NUMBER 

SINGLE  RANGE 

500  M  PATH 

HRWS /.ANEMOMETER 

HRWS/AWA 

HRWS/LCS 

AWA/LCS 

1 

MIN 

0.1 

0.0 

MAX 

1.3 

N/A 

N/A 

0.3 

AV  G 

0.6, 

0.2 

M’\| 

0 . 2 

0.2 

0 .  o 

0.0 

MAX 

1.7 

1 . 1 

1.0 

0.3 

AVG 

0.7 

0 . 6 

0.6 

0.2 

; 

MIN 

N/A 

N/A 

N/A 

N/A 

MAX 

M/A 

N/A 

N/A 

N/A 

AVG 

N/A 

N/A 

N/A 

N/A 

4 

MIN 

0.0 

1.2 

3.0 

1.3 

MAX 

0.8 

2.0 

3.3 

1.8 

AVG 

0.6 

1.6 

3.1 

1.5 

5 

MIN 

0.3 

0.3 

.5 

0.1 

MAX 

0.8 

1.4 

1.5 

0.4 

AVG 

0.6 

O.S 

1 .  l 

0.3 

6 

MIN 

0.1 

0.1 

0.0 

0.1 

MAX 

1.0 

0.6 

0.7 

0.3 

AVG 

0.5 

0.3 

0.2 

0.2 

7 

MIN 

N/A 

N/A 

N/A 

N/A 

MAX 

N/A 

N/A 

N/A 

N/A 

AVG 

N/A 

N/A 

N/A 

N/A 

8 

MIN 

N/A 

N/A 

N/A 

N/A 

MAX 

N/A 

N/A 

N/A 

N/A 

AVG 

N/A 

N/A 

N/A 

N/A 

9 

N/A 

.wl 

MIX 

O.v) 

0.1 

C .  C 

.  r 

TEST 

MAX 

1.7 

2.0 

3.3 

1.8 

AVG 

0.6 

0.8 

1.3 

0.5 

Table  3 
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ELAPSED  TIME  (min) 

Comparison  ot  30R  and  HRWS. 

High  wind. 


0 


2 


3  4  5 

ELAPSED  TIME  (min) 

Figure  2  (con'd) 
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VELOCITY  (m/sec)  VELOCITY  (m/sec) 


TEST  5 

- BOR  AWA 

- HRWS  AUTO  RANGE 


TEST  5 

—  —  —  —  LCS 

- HRWS  AUTO  RANGE 

l  i  l  L  l 

3  4  5  6  7 

ELAPSED  TIME  (min) 


Figure  3  (con'd) 


VELOCITY  (m/sec)  VELOCITY  (m/sec) 


Figure  3  (con’d) 
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Appendix  A 


H.O.R.  DKSi'.RIl'TU'N 

Riggs  0)i  lu'. il  Range  tlU'R)  is  designed  .is  ,1  Jkm  ext  ended  crosswiud  array 
divided  into  two  sections,  500  mol  ers  .uul  1500  meters.  Positioned  along  the 
length  ot  tilt'  array  are  ri'Si’.u  i'ti  typo  anemometers  till  1.1.  P-V-h")  unniti'il 
jperpetnli  cul .ir  to  thn  length  ot  tlio  p.itti.  Tlu’  an  av  path  I'liont.it  ion  is 
approx  im.U  0 1  y  O.t^-212  degrees.  For  t  lio  tirst  500  meters  tin'  ancmomet crs  .no 
sop.ir.it  e'il  at  .15  motor  intervals  .uni  tor  t  lio  remaining  l ‘•00  motors  .it  100  motor 
intorv.ils.  Usually,  wind  data  along  tins  .’Km  path  is  collected  train 
individual  unomometors  and  prooossod  through  an  analoguo  wind  adder  tAWAl . 

This  procedure  sopaiatos  the  .1  Km  path  into  lour  oonsoout  i vo  paths  ot  500 
motors  oaoh.  Tho  on  I  loot  ion  ot  anomomot  ors  witlun  this  sootor  is  sununod  to 
give  an  avorago  wind  profile  and  tin, illy,  tho  tour  sootois  are  sununod  to  give 
an  overall  profile.  Kaeh  sootor  plus  the  overall  piotile  ran  he  recorder  and 
displayed  in  real  lime.  This  same  procedure  e.m  he  used  within  the  500  motor 
path  when  a  shorter  path  is  desired.  Positioned  at  each  end  ot  the  .IKm  path 
and  at  500  meters  are  three  elevated  platforms  on  which  equipment,  such  as, 
laser  anemometers  can  be  operated.  Suttieient  power  is  provided  at  each 
plait orm  position  to  operate  necessary  recording  equipment. 

2.  In  addition  to  cross  winds  measurement  ot  and  collection  ot  data  on  the 
tol lowing  parameters  are  available  it  desired. 


a,  ) 

Temperature  at  two  elevations 

l.bin  and  o.Om. 

h.  ) 

Pressure 

c .  1 

Hew  Po i n l 

d.  ) 

Soil  Temperature 

e.  ) 

At  tor  thermal  tuihulence  and 

for  resolving  c.^ 

i.Th  i  s 

is  point 

me.isn ,  'me nt ) 

t  .1 

Three  d i,  ens i on.i  1  winds  at  two 

elov.it  ions  ,  1  .  hm 

and  n  , 

Om . 

Integrated  wind  measurement  ot 

cross  wind  over 

the  1)00 

meter  path 

with  a  laser  anemometer  thUS). 

Tu  rbu  1  ence  measurement 

loom  this 

instrument  is  a  direct  output. 

In 


Appendix  B 

OPERATION  BRF.AKVIND  GROUND  TEST 
TELEMETRY  COMPUTER  FORMAT 


*  rom  tlle  ltRWS  telemetry  computer  format,  the  output  is  modified  to  include 
IRIG  "B"  time  from  the  time  code  reader.  The  word  0  and  1  of  the  HRWS  data 
frame  are  left  the  same  and  5  words  are  added  for  IRIG  "B"  timing.  The  hours 
AO  and  20  min  timing  bits  are  left  out  of  IRIG  timing  from  the  normal  FM/FM 
telemetry  computer  format  to  give  a  data  frame  as  follows: 


Word  No. 

1  ■  -  -■  ■  -  1 

BIT  POSITIONS 

■ 

■ 

■ 

i 

i 

0 

1 

H 

WBM 

m 

5 

EB 

hh 

10 

11 

12 

RBI 

14 

BOB 

HH 

m 

LSB  | 

□ 

i  0 

1 

i 

1 

2 ' 

06 

dm 

2  3 

22 

dm 

2° 

J 

F5 

F4 

_ 

F3 

0 

"0" 

1 

H 

I 

I 

!  i 

!  1 

: 

i 

«• 

m 

23 

rPynwmHI 

0 

"0" 

0 

0 

1  2 

1 

i 

DB 

1 

1 

■ 1 

■ 

2 

0 

0 

0 

0 

i  3 

1 

1 

ra 

1 

1 

■ 

1 

i 

| 

wBH 

i 

1 

i 

!  * ** 

i 

! 

— 

8 

SEC 

4 

2 

■ 

■ 

1 

i 

i 

i 

i 

5 

1 

1 

; 

_ 1 _ 

i 

_ 

8 

wEXm 

■ 

■ 

Bl 

■ 

■ 

1  ® 

t 

■ 

w 

■ 

■ 

■ 

8 

M 

i 

1 

»  "» 

/ 

1 

■ 

H 

1 

1 

■ 

■ 

0 

dm 

i 

■ 

1 

_ 

*  Subcommutator  sync  "on"  only  at  word  0. 

**  Main  frame  sync  "on"  only  at  word  0. 
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BINARY  TO  WIND  VELOCITY  CONVERSION 


Channel 

F-9 

Frequency 

6.4  x  10^  Hz 

Velocity 

Along  Beam 

34  m/sec 

63Kts 

Longitudinal 

Velocity 

35  m/sec 

66  Kts 

Transverse 

Velocity 

116  m/sec 

215  Kts 

F-8 

3.2  x  106 

17  m/sec 

31  Kts 

18  m/sec 

33  Kts 

59  m/sec 

108  Kts 

F-7 

1.6  x  10^ 

8.5  m/sec 

16  Kts 

8.9  m/sec 

16  Kts 

29  m/sec 

54  Kts 

F-6 

8.0  x  105 

4.2  m/sec 

7.9  Kts 

4.4  m/sec 

8.2  Kts 

14  m/sec 

27  Kts 

F-5 

4.0  x  105 

2.1  m/sec 

3.9  Kts 

2.2  m/sec 

4.1  Kts 

7.3  m/sec 

13  Kts 

F-4 

2.0  x  105 

1.1  m/sec 

2.0  Kts 

1.1  m / sec 

2.1  Kts 

3.6  m/sec 

6.7  Kts 

F-3 

1.0  x  10^ 

.53  m/sec 

.98  Kts 

.55  m/sec 

1.0  Kts 

1.8  m/sec 

3.4  Kts 

F-2 

6.0  x  104 

.26  ra/sec 

.49  Kts 

.28  m/sec 

.51  Kts 

.91  ra/sec 

1.7  Kts 

F-l 

2.5  x  104 

.13  m/sec 

.25  Kts 

. 14  m/sec 

.26  Kts 

.45  m/sec 

.84  Kts 

F-0 

1.25  x  104 

.066  m/sec 

.12  Kts 

.069  m/sec 

.13  Kts 

.23  m/sec 

.42  Kts 
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